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Figure 19. Leg “B” Shim Curve .
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Figure W . -.. Forward Coupling angie Measurement—basej.Jjw ~y~~ e’u.
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Figure 23. Leg “F” Shim Curve.

38



‘------—-~~~~~~~~~~ -- - - —. -——-~~~~~~~

+3 ii J-J-fl UH- l Forward

~ +2 J~~~T CG \ Coupling Alignment
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To move 1/2 degree to the left, remove .075” from Leg “A” .
To move 1/2 degree to the right, add .075” to Leg “A” .
To move 1/2 degree to the left, add .063” to Leg “ E” .
To move 1/2 degree to the right , remove .063” from Leg “ E ” .
To move 1/2 degree up, remove .029” from Leg “F” .
To move 1/2 degree down , add .029” to Leg “F ” .
To move 1/2 degree up and 1/2 degree right, add .038” to Leg “ B” .
To move 1/2 degree down and 1/2 degree left, remove .038” from Leg “ B” .
To move 1/2 degree left and 1/4 degree up, add .058” to Leg “C” .
To move 1/2 degree right and 1/4 degree down, remove .058” from Leg “C” .
To move 1/2 degree left and 1/4 degree down, remove .045” from Leg “ D ” .
To move 1/2 degree right and 1/4 degree up, add .045” to Leg “ 0” .

Figure 24. Driveshaft Alignment Chart with Shimming
Instructions.
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FIELD SURVEY

The results of a survey of the driveshaft alignments of Army
helicopters is reported in this section . The survey included
eight UH-l at Bradley Field , Connecticut, ten OH-i at Felker
Field , Virginia, ten OH-i at Simmons Field , North Carolina ,
three AH-l at Felker Field , Virginia and a UH-1 with sling
load at Kaman . The significant measurements were static align-
ment , hover at a 5-foot skid height, and low-speed high-power
climb (70 knots forward speed , 1000 ft/minute climb) . The
static measurement indicates whether the alignment is approx-
imately correc t, i.e., safe enough for takeoff. The 5—foot
skid height was selected as a safe altitude at which to measure
dynamic driveshaft alignment. The low-speed high-power climb
is the highest steady state misalignment encountered in the
flight envelope. Driveshaft alignment using the DSAI should
be based on measurements made during 5-foot skid height hover.
Data taken during the field survey at 5-foot skid height were
plotted and compared on the forward coupling alignment chart ,
Figure 27.

Field Survey at Bradley Field

Using Figure 27 to plot recorded data , f ield testing of the
DSAI began at the A rmy National Guard Facility, Brad ley Field ,
Windsor Locks , Connecticut. Six aircraft equ±pped with self-
purging particle separators and two normally equipped with the
non-self-purging particle separators were flown for evaluation .
Each aircraf t configured with the DSAI was flown , at least
through the hover points , by two different pilots. The data
for a 5-foot hover on each of the eight helicopters at Bradley
Field is presented in Figure 28. Only eight data points are
shown because all points were essentially the same for each
aircraft even though two different pilots flew each aircraft.
No attempt was made to realign any of the National Guard heli-
copters flown. An attempt was made to check the driveshaft
alignment of one UH-l using the standard alignment procedure
per TM55-l520-2l0-20. The attempt was stopped after two days
because of the press of the flight schedule at Bradley Field.
Field Survey at Felker Field

Ten 011-1 helicopters equipped with the DSAI were flown at
Felker Field, Fort Eustis , Virginia. The recorded results for
5-foot skid height hover are presented in Figure 29. One of
the aircraft flown that showed a high vertical reading on the
DSAI was checked for alignment using the standard alignment
tool and found to be outside of limits. This aircraft had
approximately 964 hours since the last known alignment. An
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Figure 27. Forward Coupling Alignment Chart.
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UH-1D/H Forward Coupling
Alignment per TM55—l520—2l0-20
for Hover at 5-Foot Skid Height
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Gross Weight: Range from 7231 lbs to 7726 lbs.

Center of Gravity: Range from 137.0 inches to 141.7 inches.

Plotted data from 5-foot hover.

Figure 28. Eight UH-l Helicopters Flown at Bradley Field .
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alignment change was made using the shim curve data developed
at Kaman. This was followed by a standard alignment check for
verification and the aircraft was ref lown for evaluation.

Both alignment tools showed that the aircraft was aligned
within tolerance after the shim change. Figure 30 presents
the data recorded at a 5-foot skid height hover both before
and after the alignment change. Two other aircraft that were
flown with the DSAI and found within limits were checked using
the standard alignment tool and procedures and showed good

- agreement between both alignment tools.

Field Survey at Simmons Field

Further field evaluation was conducted at Simmons Field , Fort
Bragg , North Carolina, using 10 additional UH-l aircraft.
Figure 31 presents the data for a 5—foot skid height hover.
The average airframe time for aircraft flown was 4416 hours at
Felker Field and 706 hours at Simmons Field , indicating that
the data represent a wide cross section of UH-1 aircraft. No
attempt was made to alter the alignment of any of the aircraft
at Simmons Field.

Field Survey of AH-l Aircraft at Felker Field

Field evaluation of the DSAI on All-i aircraft was conducted at
Felker Field , Fort Eustis, Virginia.

Three AH-1 aircraft were configured with the DSAI and flown
through the same envelope previously used for UH-l aircraft.
Each of the three All-i’s flew the hover conditions twice, once
at the start of the flight and then again at the end of the
flight, giving effectively two sets of hover data for each air-
craft. Additionally, one All-i configured with TOW launchers
was flown through three autorotative points at 61, 70, and 99
knots, giving data at minimum rate of descent , maximum glide
angle, and the 70-knot point which was common to all previous
measurements. A fourth AH-l was configured with the DSAI but
flight testing was cancelled due to bad weather conditions.
A fifth and the last AU—i available at Felker Field was down
for maintenance and not expected to be in an up status for
some time.

Figure 32 presents a summary of the hover data from the three
AU-i aircraft flown at Felker Field.

OH-i Evaluation With Sling Load at Kaman

The alignment during f l igh t  with an external sling load on UH-l
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TABLE 5. CHANGE IN ANGLES AND ANALYSIS

-

I F — 
5 FT HOVER TO 70 KWFWD

— 
I STATIC TO 5-FT HOVER — 1000 FT/MIN CLIMB

TAIL NO. VERT. ANGLE IORIZ .ANGLF VERT. ANGLE NORIZ . ANGLE[ (Degrees) (Degrees) (Degrees) (DeWrePs)

66—16510 1.33 1.12 .42 .34
70—16515 1.21 1.36 .01 .03
72—21487 1.53 .95 .36 .23
68—15223 1.51 1.38 .76 .20
70—16516 1.52 1.46 .30 .49
69—15127 1.33 .93 .29 .37
64—13768 1.69 1.29 .61 .42
64—13897 1.40 1.17 .57 .29
66—1140 193 1.28 .07 .12
66—16305 1.75 1.30 .28 .15
68—15239 2 .05  1.06 .22 .29
69— 15455 2 . 4 3  1.08 .29 .18

- 
- 69—15455 2.39 1.21 .24 .22

66—16270 2.12 1.10 .47 .26
66—17037 1.78 .97 .22 .17
70—15851 1.53 1.01 .23 .18
73—21775 .98 .68 .53 .31
73—21774 1.10 1.73 .43 .45
69—15688 1.15 1.28 .28 .14
71—20251 1.25 1.45 .40 .23
69—15248 1.51 1.36 .08 .19
67—17238 1.62 1.11 .65 .53
70—16413 .65 1.23 .45 .02
69—15866 1.03 1.35 .36 .22
69—15054 1.49 1.31 .53 .04

1.5312 1.2068 
— 

.362 .2428

a 2 .1837 .0464 .0342 .0184
a .4286 .2155 .1849 .1358

3a 1.2858 .6464 .5547 .4073

+ 3a 2.8170 1.8532 .9167 .6501
— 3a .2454 .5604 — .1927 — .1645

cv = a/~ .27992 .1785 .5107 .5591

- - - 
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Figure 36. Improved Alignment Possible for Three Conditions
and Maximum Expected Misalignment.
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CONCLUS IONS

1. Dynamic drive shaft alignment measurement is yore efficient ,
more accurate and more realistic than static shaft alignment
measurement.

2. More UN-l and AH-l drive shaft alignments were found out
of specific alignment (19) than within specified alignment
(12)

3. UH-l and AN—i drive shaft alignment checks required 48 man-
hours (two men for three days) when performed in accordance
with TM 55—1520—210—20 (static alignment checks only).

4. IJN—l static and dynamic drive shaft alignment checks
required 2 to 6 man-hours when performed with the drive shaft
alignment indicator using the procedure of Appendix (~ .

5. Alignment change can be expedited through use of the data
reported herein on shim change vs alignment change.

6. Textron Bulletin No. 205-76-9 is an improvement over
TM 55—1520—210-20 alignment. Further improvement is possible.

7. Maximum operating misalignment of UH-l drive shafts can be
reduced from 4.96 degrees to 1.24 degrees for the worst high-
power steady-state case measured , which was low-speed high-
power climb.

RECOMME N DATIONS

1. Procure an evaluation quantity of drive shaft alignment
indicator tools and undertake a program to reduce the high-
power misalignment of UH-l and AH-l drive shafts.

2. Specify drive shaft alignment based on acceptable static
alignment followed by measurement at 5-foot skid height hover.

3. Investigate the cost and benefits of replacing the present
UN-i engine-mount shim arrangement with a turnbuckle in each
of two engine mount legs. The program should include de-
sign ano analysis, followed by manufacture and test of several
ship sets.
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APPENDIX A

DRIVESNAFT ALIGNMENT PER TM55-l520-210-20

This appendix describes driveshaft alignment per Department of
the Army Technical Manual TM55—l520-210-20, O~ganizational
Maintenance Manual , Army Model UN-iD/N Helicopters, PP. 7-23—
7—25 (Reference 2). The procedure was developed as part of the
evaluation of the driveshaft alignment indicator tool.

Main driveshaft alignment is currently checked statically
using a set of special mechanical tools. Prior to the check ,
four jacks and a depth micrometer are used to position and
hold the soft-mounted transmission parallel to its supporting
structure.

With the driveshaft removed , an extendable plug gage assembly
- - is attached to the engine output. The plug gage serves to

extend the rotational centerline of the engine output to a
target plate mounted on the transmission input. An eccentri-
cally located hole in the target plate will accept the plug
gage if the vertical and lateral position of the transmission
is correct. Nonparallelism of the rotational centerlines of
the engine output and the transmission input is checked next,
by attaching a dial indicator to the extendable plug gage
assembly and trammelling the surface of the target plate which
is perpendicular to the transmission input quill.

Main driveshaft alignment is altered by selectively shimming
between one or more of the engine tubular mounts and the
engine deck , thereby shifting the position of the engine.
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TOOL SET TiOl4l 9

ALIGNMENT PROCEDU RE

ALIGNMENT PROCEDURE 
-

1- Open engine cowling and transmission fairing .
(Fi gure Al)

o~~ 
2- Remove engine intake filters. (Figure A2)

3- Remove upper panel of induction baffle.
(Figure A3)

4- Remove upper half of particle separator.
(Figure A4 )

5- Remove short shaft.

6- Remove pylon soundproof ing.

7- Remove lower access panels on both sides of
pylon. (Figure Al)

r~ o 8- Remove upper access panels on both sides of
~~~~~~ pylon. (Figure Al)

9- Mount maintenance hoist on helicopter.
(Figure AS)

10- Attach hoisting clevis to top of mast nut.

11- Remove nut and washer from lift link lower bolt.
(Figure A6)

12— Hoist transmission to unload lift link bolt.

13- Install A4 leveling jacks. (Figure A6)

14— Adjust jacks so that transmission is parallel
to supporting structure.
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TOOL SET Ti014l9

ALIGNMENT PROCEDURE

ALIGNMENT PROCEDURE

15— Adjust position of eccentric hole in target
plate. (Figure Al)

o E~
g c 16- Secure target plate to transmission curvic

coupling. (Figure A7)

U 17- Secure gage pin assembly to engine curvic

- 

coupling. (Figure Al)

18- Push plunger of gage pin assembly forward toward
target plate, (Figure A7)

19— Largest diameter of plunger should enter target
hole. If not, note amount and location of
interference.

20- Mount dial indicator on plunger so that tip
contacts target plate. (Figure A7)

z
21- Rotate dial indicator at least one turn and stop

at point of greatest reading. This should occur
between 8 and 10 o’clock positions on target
plate. “Zero ” the indicator.

22- Rotate “zeroed” indicator another turn and check
total indicator reading . Should not exceed .016
inch.

NOTE

Assume misalignment is incorrect and engine must
be shimmed.

23— Loosen screws around intake bellmouth in forward
firewall and around attachment ring in rear fire-
wall. (Figures AS and A9)

24- Consult Figure Al to determine where shim stack
must be altered . Make shim change.
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TOOL SET Tl014l9

ALIGNMENT PROCEDURE

ALIGNMENT PROCEDURE

25- Push plunger of gage pin assembly forward
toward target plate. Largest diameter of
plunger should enter target hole.

26- Rotate dial indicator at least one turn and stop
at point of greatest reading. This should occur
between 8 and 10 o ’clock positions. “Zero ” the
indicator .

21- Rotate “ zeroed” indicator another turn and check
T.I.R. Should not exceed .016 inch.

NOTE

Assume alignment is correct at this point.

~~f1 28- Remove alignment tool set, leveling jacks , and
maintenance hoist.

29- Retighten screws in firewalls.

30- Install nut, washer, and cotter pin on lower bolt
of lift link.

31— Install short shaft.

32- Install upper half of particle separator.

33— Install upper panel of induction baffle.

34— Install engine intake filters.
14

35— Close engine cowling and transmission fairing .

17
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TOOL SET Tl0l419

ALIGNMENT PROCEDURE

ALIGNMENT PROCEDURE 
-

36- Close upper access panels on both sides of -~

pylon. -

37- Close lower access panels on both sides of -
pylon.

38- Install soundproofing. -
U) H

‘~

END -
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Figure Al. Use of Existing Alignment Tool Set.
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— APPENDIX B

BELL HELICOPTER COMPANY SERVICE BULLETIN NO. 205-75-9

This service bulletin changes the static driveshaft align-
ment. One purpose of this program was to evaluate the effect
of the changes made by this service bulletin . The procedure
described in Appendix A is retained.
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disconnec t 5th :iount assc::~oI y.

A. I~id~x tue target  p l a t e  inner  scale t~ 8.0 ( i : :s L c~Cd o f  3 . 5 ) .

B. Index the target p late o u ter  s c a l e  t o  .3 5 .6 ( i n st e a d  of 1. 7 5 ) .
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C. When clicc~ tn~ an~ularit v ~cro dial led ic th or at 2. ‘i i iich
radius  at 12 o ’ c I oci~ po.~ t~:~~on. Rcacl + . 03~± • ( I ( I t u .~L (i

o ’ c lock.  R e — C ro i lid I c  . to r a L Lh~ 3 o • ci  cci . pw~ 1 Li o i l .
Rc~ d + .006 ~ at .004 at 9 o ’ clock .

NOT E

Pius Irn i i cato  r read i n ~ c’. m S  that 1 1  t m i r g t’
on t r ans i r l i ss  Lou is close r  Lu f 1 a u ~ c of
the engine.

3. if the total laninated ~hi::: L h i c ~.iiess ( P/N 2 0 5 — O b u —  1 3 7 — I  o v

205 — 0 6 0— 1 3S— 1) unc le  i any en~~ fle supparL L i LI. i I r .;, S excoc
I 86 inch es , fab ricate a p at c of 202!.— )~~ a Lt ium I mit t i  o I l  ov . 00

inch thick , same o t t t s i c k  d ! c c n s i . o n s  as shim ~:toch. S Lriictmirt ~1 r
bond the p la t e  to the  cnt~i i i c ~ ser v i c e  dock I .J L II  E E l  E.. I o ~.tJ
th icknt .s  of L :..s ~tnd p La LI I ode r aa\ c f l ~; ill0 ’ l’ e~~l t i ~ I : L t. 5 I or i I
not excced .283  i n 0 h t s .

NOT E

Check ~~~~ 1,110 dCO~~ I I LL in~ ~ C1 , -\ ~ r ~ t i ch
bol Ls Cur  r I ropt I  r 1 cn~, Lhi  t o O  I I i  1 ( 1 1 1

e ng ag e me nt .

4. i~~tc;st~~1) the e”l:. :~~-~u~~ ‘ ‘~~- : - i : i ’ ’ I . r c r o o ’ : r ,I fl II L i l t -

app ropr: ml Lo ma m O  1311CC Irra rula I

~
. CDcck driv e shaft t m !  ien: ;;cr ,L r e nov e  r one or I l m I ro  of LI1O

f~~11o~~in~ CO lICI1 . t . i O l l S  cX~~S L S .

A. E x c c t si ve  wear  Ot the coup i in~ ~m p I L I t O .

B. i n d i c a t i o n s  of e>.~.e s s iv c r  heat ir .

C. Rep lacement of the  t r a l l s I : m i  S S OII  V a !  , L i  aFt aU nt S

D~ Hard leuclings.

E. R~ p laccnret ’ L of t. ~~ 11111111 L t o n s i l ]  s Si  00 .

?. Rep lacc::icnt of t}i~~ Cll~ inc  Vt . o : r ,~ i nc I ’I O U L S .

C. Maj or r ep a i r  or  rep  I ti c c ’oc-ii t  a ~. (11:111 . C l e a t S  I S V ~ (j i !  I - ed
in center 1usd L,cs to I 1 ho I: u r  py I a t i  s u p ( I m )  I L  S t  r t R  Ci :

H. Dr ive  s h a f t  mi  sal  i g L I T I C r I  s s usp ect o d  f o r  r i i ~ e c a s o m i .
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6. l a  i t s  L r 1i~

L’arL Nunber Noi:ienc l~ ture ~~~~ tity

205—060 —137—1 S hu n  2

205-060-1:38-I Shim 1

The material necessary to meet the rcquiremelI.ts of this
Scrv icc Bulletin m u s t  be procured from your usua]. Bell
H e l i c o p t e r  Textron Spare parts sonrce. Orders must in-
c lude  the sh i p- to address.

7. Inio rriatj,on contained in th is Service Bu lle t in w i l l , he
incorporated into the next revision of the 205A- 1 ~iaint-enance Manual.
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APPENDIX C

PROCEDURE FOR USING THE DRIVESHAFT ALIGNMENT INDICATOR

This procedure was developed as part of the evaluation of the
driveshaft alignment indicator tool. Also , it is intended to
be preliminary to an Aviation Unit Maintenance (AVUM) procedure.

Description of Driveshaft Alignment Indicator

The driveshaft alignment indicator installation is shown in
Figures 2 and Cl. Freely moving compressible struts are
mounted to slightly amplify the misalignment angles imposed
on the driveshaft couplings. The struts are mounted to
structure by spherical self-aligning bearings. The bearings
are located in target plates mounted on the transmission
adapter plate and in target plates mounted on an A-frame
attached to the engine particle separator. The struts are
allowed to extend and compress freely to accommodate axial
motions. The measuring devices are multi-vit noncontact
electronic micrometers . The multi—vits are used to measure
angular misalignment of the struts with respect to the trans-
mission , and therefore the driveshaft. Measurement of angular
misalignment of the engine-end coupling requires reversing
the driveshaft indicator tool. The same mounting provisions
accept the tool in either direction.

The alignment procedure is described and illustrated in pre-
liminary AVUM form on the following pages . Photographs of
components and of steps in the installation process are shown
in Figures C9 through C23. The installation steps can be
reversed for tool removal.

Note: Static and dynamic misalignment criteria are based on
TM55-l520-2l0-20. Criteria based on this study would change
Step 16 and Figure C6. On Figure C6, the safe envelope for
hover at 5—foot skid height would be : vertical angle —l
degree to -3 degrees , horizontal angle 0.5 degree to 1.5
degrees. The acceptable alignment envelope on Figure C6 for
hover at 5-foot skid height would be: vertical angle +.15
degree to -.65 degree , horizontal angle +.5 degree to 0 degree.
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ALIGNMENT PROCEDURE

1- Open engine cowling and transmission fairing ,
Figure C2.

2— Remove engine intake filters, Figure C3.

3— Remove upper vertical panel of induction baffle ,
Figure C5.

4— Remove upper and lower halves of particle
separator , Figure C4.

5- Remove lower vertical panel of induction baffle ,
Figure C5.

6- Install modified lower baffle assembly and lower
half of particle separator.

7- Install transmission adapter on the transmission
housing leaving an even amount of washers under
each of the three mounting studs, Figure Cl.

- 8- Install A-frame assembly on front of upper
half of particle separator and reinstall on
engine , Figure Cl.

9— Place modified upper baffle assembly in position .

10— Insert horizontal angle strut assembly in
position between the A-frame and the trans-
mission adapter , Figure Cl.

11— Insert vertical angle strut assembly in position
between the A-frame and transmission adapter
and secure modified upper baffle assembly,
Figure Cl.

12- Connect two electrical signal cables to the
strut assemblies.

13— Secure demodulator power supply in aft cabin and
connect electrical signal cable. Place indicator
at observer ’s station and connect electrical sig-
nal cable.

14- Check the polarity of the aircraft wiring :vsteln
and connect the power cable to the helicoptei 28
VDC receptacle.
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ALIGNMENT PROCEDURE

15- Switch power on, set selector switch to TRANS.
Check for meter indication . If not OK, check
for power available at receptacle. Check power
cable.

16- Check static alignment for safe hover at 5-foot
- - skid height: vertical angle +1 degree to -1

degree , horizontal angle +2.5 degrees to +.5
degree. Turn power off. If static alignment is
not within limits, perform Steps 25 and 26,
repeat Step 16.

17- Install engine intake filters.

18- Close engine cowling and transmission fairing .

19- With observer at his station , bring helicopter
to 5-foot skid height hover.

20— Switch power on, check that selector switch is
set to TRANS . Observe and record two meter
readings.

21- Land helicopter and shut down engine.

22- Compare two readings with published requirements.

23- Plot the values for V and H on Figure C6. If
the point falls anywhere within target area,
alignment is acceptable per TM55—l520-2l0—20.

NOTE

Assume alignment is incorrect and eng ine must
be shimmed.

24- Open engine cowling and transmission fairing .

25- Loosen screws around intake bellmouth in forward
firewall and around attachment ring in aft f ire—

• wall, Figures C7 and C8.

26- Consult Figure C6 to determine amount and
location of shim change required . Make shim
change. After shim change tighten screws around
intake bellmouth and in aft firewall.

27- Close engine cowling and transmission fairing .

93

A



II

ALIGNMENT PROCEDURE

28- With observer at his station , bring helicopter
to 5-foot skid height hover.

29- Switch power on. Observe and record two meter
readings.

30- Land helicopter and shut down engine.

31- Plot values for V and H on Figure C6.

NOTE
Assume alignment is correct at this point.

32- Open engine cowling and transmission fairing.

33- Remove engine intake filters.

34- Remove modified upper panel of induction baffle
and remove link assemblies and electric cables.

35— Remove particle separator and A—frame and
transmission adapter .

36- Install original upper and lower panels of
induction baffle.

37- Install particle separator.

38- Install engine intake filters.

39- Close engine cowling and transmission fairing .

END
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Figure Cl. Driveshaft  Alignment Indicator Installat ion.
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